Voltage-gated K+ channels are localized to juxtaparanodal regions of myelinated axons. To begin to understand the role of normal compact myelin in this localization, we examined mKv1 .l and mKvl.2 expression in the dysmyelinating mouse mutants shiverer and Trembler. In neonatal wild-type and shlverer mice, the focal localization of both proteins in axon fiber tracts is similar, suggesting that cuesother than mature myelin can direct initial K+ channel localization in shiverer mutants. In contrast, K+ channel localization is altered in hypomyelinated axonal fibertractsof adult mutants, suggesting that abnormal myelination leads to channel redistribution.
Introduction
Electrophysiological studies have identified a variety of voltage-gated K+ currents in mammalian myelinated axons, where they are presumed to play a role in repolarizing the axons after an action potential (Waxman and Ritchie, 1985; Blacket al., 1991; Hille, 1992) . K'currentsarefound to be differentially distributed along myelinated axons. Slowly activating voltage-gated K+ currents are recorded in the axonal membrane at the node of Ranvier, whereas rapidly activating, 4-aminopyridine (CAP)-sensitive K' currents are recorded in the paranodal and internodal regions of acutely demyelinated axons (Chiu et al., 1979; Brismar, 1980; Chiu and Ritchie, 1981; Rdper and Schwarz, 1989). Two voltage-gated K+ channel proteins, mKvl.1 and mKvl.2, may contribute to these K' currents, since both have been shown by immunocytochemistry at the electron microscopic level to be highly concentrated at the juxtaparanodal region of myelinated axons (Wang et al., 1993 (Wang et al., , 1994 Mi et al., 1995) .
In comparison to acutely demyelinated axons, chronically dysmyelinated axons show changes in the density and distribution of ionic currents (Bostock et al., 1981; Schwarz et al., 1991) . Neither the mechanism(s) nor the molecular identities of the channels involved in these changes are known. In this report, we use immunological and molecular probes specific to mKv1 .l and mKvl.2 to ask, at the molecular level, whether genetic lesions causing chronic dysmyelination result in a spatial reorganization of specific K' channels normally expressed in myelinated axon tracts, and whether this reorganization is accompanied by a change in K+ channel gene expression.
Two mouse mutants, shiverer (shl) and Trembler (Tr), provide genetic models to study the effects of chronic dysmyelination. shi mice inherit a deletion of 5 exons in the myelin basic protein (MBP) gene (Roach et al., 1985; Molineaux et al., 1986) . Homozygous shi mice show severe hypomyelination in the CNS and slight hypomyelination in the PNS (Bird et al., 1978; Privat et al., 1979; Rosenbluth, 1980a Rosenbluth, , 1980b . Myelin sheathes from the shi CNS are thin or absent from many large-caliber axons. Where myelin does occur, it is reduced in amount and variable in compactness. Moreover, lamellae frequently do not completely encircle the axons but terminate as loop-like structures within or around the axonal circumference. Axoglial junctions characteristic of the type found in paranodal regions are present in greater than normal numbers and occur in aberrant locations. In spite of these lesions, shi mice survive to adulthood, suggesting that nerve conduction is retained. In shi mutants, Na+ channels are elevated in large-caliber myelinated fiber tracts (Noebels et al., 1991; Westenbroek et al., 1992) . In Tr mice, a substitution of glycine by aspartic acid in the peripheral myelin protein (PMP22) causes the autosomal dominant trembling phenotype (Suter et al., 1992) . Tr mutants have normal central myelin but severe hypomyelination of peripheral axons. To our knowledge, ion channel expression has not been studied previously in Tr mice.
Results

K+ Channel Distribution
Is Altered in CNS Fiber Tracts of shiverer Mice lmmunocytochemistry with antibodies to mKvl.1 (a-Kvl .l) and mKvl.2 (a-Kvl.2) showed that the distribution of both proteins was significantly altered and elevated in shi hypomyelinated fiber tracts, including cerebellar (Figures 1 a  and 1 (e and 9 a-Kvl .l staining in the corpus callosum (CC), internal capsule (Icp), and cortirofugal fiber tracts (boxed) in wild-type (e) and shi (9 mice.
All mutant fiber tracts show increased staining. (g and h) Higher magnification of corticofugal fiber staining in regions similar to those boxed in (e) and (9. The border of a major fiber bundle is indicated by large arrows. The pattern of staining within the bundle changes from paired punctate staining (g, small arrows) to more fibrous staining in the shi mouse (h). Bars, 200 urn (a, b, 8, and 9, 40 urn (c and d), 20 urn (g and h) .
is shown), anterior commissure (data not shown), and brain stem (Figures 2a and 2b ; mKv1 .l). In each of these fiber tracts, the paired punctate staining pattern characteristic of juxtaparanodally localized mKv1 .l and mKvl.2 in wild-type mice changed to intense, diffuse staining in shi mice (Figures 1 g, 1 h, 2a, and 2b). Similar staining patterns were observed with shi mice in two different genetic backgrounds, C57BU8J ( Figure 1 ) and C3HeB (Figures 2-8 ).
While K' channel staining increases in shi axon tracts, no significant change was observed in the channel-specific distribution or amount of staining in neuronal somata of shi brain as compared with wild-type brain (Figure 1 ; also see Wang et al., 1994) . These data suggest that the cellspecific expression patterns of K+ channels are retained in shi mutants, although channel localization is altered in dysmyelinated fiber tracts.
K+ Channel Redistribution in Fiber Tracts of Tr Mice To test whether the change of staining in hypomyelinated fibers is due specifically to the lack of MBP, we examined the KC channel distribution in peripheral nerve fibers of Tr mice. In contrast to the dramatic change of staining pattern in the shi mice (compare Figures 2a and 2b) , no significant change was observed in the a-Kvl .l and a-Kvl.2 staining pattern in Tr brain stem fiber tracts (Figure 2c ; mKv1 .l). In the peripheral sciatic nerve, myelinated axons in shi mice showed only a slight increase in internodal staining and occasional elongated juxtaparanodal profiles (compare Figures 2d and 2e) , consistent with reports of minor morphological abnormalities in shi peripheral myelin (Rosenbluth, 1980a ). In the hypomyelinated Tr sciatic nerve, more diffuse staining was seen for either channel than in shisciatic nerve (Figure 2f ; mKv1 .l). In each mutant strain, All sections were stained in parallel, and images were collected using the same aperture and gain in the confocal microscope in order to compare the relative levels of staining. the major changes in K+ channel redistribution were confined to regionsof hypomyelination. These results suggest that normal myelination, rather than the specific absence of either MBP or PMP22, contributes to the juxtaparanodal localization of mKv1 .l and mKvl.2 proteins seen in normal animals.
Cellular Localization of K+ Channels To determine whether the aberrant increase in staining within the mutant fiber tracts originates in axons or glia, we examined the localization of K+ channels in shi and Tr fiber tracts, both by confocal microscopy and by threedimensional fluorescence imaging using a Deltavision Wide-Field De&nvolution microscope. Brain stem sections were double stained with a-Kvl .l and an antibody specific to the 2',3'-cyclic nucleotide 3'-phosphodiesterase (CNP) (Figure 3 ). CNP staining identifies both cytoplasm and myelin membranes of oligodendrocytes and Schwann cells. CNP can be used as a glial marker in both shi and Tr mice because its expression is unaffected in shi adult and reduced to about 65% of normal in Tr PNS (reviewed by Sprinkle, 1989) . In wild-type mice at high magnification using a confocal microscope, the intense a-mKv1 .l staining did not overlap with the glial a-CNP staining (compare Figures 3a, 3b , and 3~). In sections from shi mice, a-Kvl .l staining occurred at distinct levels of intensity ( Figure 3e ). The faint, more diffuse a-mKv1 .l staining was generally higher in shi mice than in the wild type ( Figure 3e versus Figure 3b , boxed regions). This faint a-mKvl.1 staining colocalized with a-CNP staining, giving rise to a yellowish tint in the superimposed image ( Figure 3f , boxed regions).
In contrast to the faint a-mKv1 .l staining in regions of glia, the intense staining seen in Figure 3 appears to be associated with axons. To confirm that K+ channel proteins are redistributed in axons of hypomyelinated fiber tracts in the mutants, we used a Deltavision SA3 Wide-Field Deconvolution microscope to obtain high magnification and high resolution images ( Figure 4) . We studied the localization of K+ channels in serial 0.2 pm optical sections taken from 20 pm histochemical sections of Tr sciatic nerve and shi brain stem and spinal cord. In Tr mice, the K+ channel staining is associated with axolemma and within axons in several optical sections progressing through a section of sciatic nerve (Figure 4 ). Note the extensive longitudinal distribution of K+ channel staining along the axon. Similar axonal K' channel redistribution is also observed in the brain stem and spinal cord sections of shi mice (data not shown).
Collectively, these results demonstrate that K' channel distribution and expression are altered in both axons and glia of hypomyelinated fiber tracts.
K+ Channel RNA Increases in Both Neurons and Glia of shiverer Mice To determine whether K+ channel redistribution reflects up-regulation of gene expression, RNase protection assays were performed, comparing the steady-state levels of mKv1 .l and mKvl.2 RNA in the shi brain to those in the wild-type brain. For each experiment, total RNA was isolated from gross dissection of separate brain regions, pooled from three shi and three wild-type mice. The relative ratios of mKv1 .l or mKvl.2 to that of 18s ribosomal RNA were calculated by Phospholmager quantitation of protected fragments. Three independent experiments were performed. Consistent 2-to 4-fold increases were observed in each experiment for each K+ channel RNA in three separate brain regions ( Figure 5 ; Table 1 ).
We performed in situ hybridization studies on brains from both shi and wild-type animals in order to resolve at the cellular level the source of these changes in expression. Striking increases were observed in autoradiographic signal density for mKv1 .l and mKvl.2 RNA in fiber tracts ( Figure 6 ). In particular, a significant increase in mKv1 .l signal was noted in the corpus callosum, anterior commissure, internal capsule, and corpus medullare of shi mice (Figures 6a, 6b , 69, and 6h). Similar, though smaller, increases in mKvl.2 expression were seen in the same fiber tracts (Figures 6c and 6d) . No change was observed for mKv3.1 (Figures 6e and 6f) . integrated optical density (IOD) from the autoradiograms in several fiber tracts and neuronal regions was analyzed for the expression level of mKvl.1 and mKvl.2 RNA. The aggregate data show that mKv1 .l RNA increased about 3-fold in shifiber tracts, while mKvl.2 increased about 1.5-fold (Table 2) .
Analysis of emulsion-dipped slides showed that increases in both cell number and expression per cell within the hypomyelinated fiber tract contribute to the observed increase in K+ channel expression by IOD measurement. In each section, we analyzed all the cells in the corpus callosum that were 1 mm from the midline. Counting the number of hematoxylin-stained nuclei revealed a mean 1.5fold increase in the density of nuclei in shi over wildtype mice. The number of silver grains per cell in the corpus callosum in 9 pairs of sections of shi and wild-type mice were determined using the MCID system (see Experimental Procedures; Figures 6i and 6j) . Binned according to the number of silver grains per cell, a greater percentage of cells with high expression of mKvl.l was found in shi mice. The maximum expression level was also increased from 6 grains/cell in the wild type to 11 grains/cell in shi mutant (Figure 6k and 61). We conclude from these studies that expression levels of both mKv1 .l and mKvl.2 increased in shi glial cells. For mKvl.2, the increase may be accounted for by an increase in glial cell number in the fiber tracts. For mKv1 .l , expression increased on a per cell basis.
To evaluate changes in K+ channel RNA levels in neurons, the expression of mKv1 .l and mKvl.2 was analyzed in neurons of the deep cerebellar nuclei at two different parasagittal planes, medial and lateral. These nuclei were chosen because individual cells in the nuclei are well isolated and easily distinguishable and because the expression of mKvl.1 and mKvl.2 is relatively high and homogenous ( Figure 7 ). These bilateral symmetric nuclei receive input from Purkinje cells and project to other brain regions along myelinated brain stem fiber tracts. Although the relative increases varied between subnuclei, an average >1.5-fold increase in the number of silver grains was found for both mKv1 .l and mKvl.2 (Figure 7e ). These data corroborate our observations of increased K+ channel proteins in shi axons by immunocytochemistry.
Changes in Axon K+ Channel Distribution during Development To determine whether normal compact myelin is required for channel localization in axon fiber tracts during early postnatal development, cervical and lumbar regions of wild-type and homozygous shi spinal cords were stained using a-Kvl.1 and a-Kvl.2 at postnatal day 2 (P2) and various ages to adult. Although cell somata were heavily stained by a-Kvl .l , no immunoreactivity was detected in either dorsal or ventral white matter at P2. A similar pattern was observed at P6. At P8, faint paired punctate staining was observed in a few fibers in both genotypes (data not shown). At P13, paired punctate staining was clearly discernible in both wild-type and shi spinal cord (Figures 8a  and 8b ; mKvl.2). At P17, however, clear differences in the level of staining along the axon tracts became apparent between wild-type and shi spinal cord (Figures 8c and 8d ; mKvl.2). The density of juxtaparanodal profiles continued to increase in wild-type spinal cord through P63 (Figure  8e ; mKvl.2) while in the shi spinal cord, high levels of more diffuse staining and patches of intense staining were observed (Figure 8f ; mKvl.2 is shown). These experiments show that mKv1 .I and mKvl.2 are localized similarly in shiand wild-type axon tracts during early postnatal development, even though shi mice never develop normal compact myelin.
Discussion
Results from our studies on shi and Tr mice suggest that hypomyelination alters K+ channel localization and gene expression, independently of the specific genetic lesion that causes dysmyelination.
Further support for this conelusion is provided by a similar finding in the jimpy mouse, For each mouse strain, brains were dissected into the following regions: cerebral hemispheres (F), Pons and medulla (H), and cerebellum (C). In each set of assays that protected one of the K+ channel mRNAs (mKv1 .l or mKvl.2) loading was monitored by diluting an aliquot of the sample by 10m4 and protecting a 340 bp fragment of 18s rRNA. Bosma et al., 1993; Hopkins et al., 1994) . K+ currents with similar properties are present in axons (Waxman and Ritchie, 1985) . Immediately after acute demyelination, action potential conduction is blocked, presumably owing to the abundance of these K+ channels (previously covered by myelin) relative to the low density of Na+ channels in the internode (Shrager, 1989) . In this situation, decreasing K+ currents with the K' channel blocker 4-AP promote conduction (Bostock et al., 1981; Waxman and Wood, 1984; Targ and Kocsis, 1985) , suggesting that the relative strength of K+ and Na+ currents is a primary determinant of successful action potential propagation. In clinical trials, patients with multiple sclerosis have shown improvement in their symptoms when treated with 4-AP (Stefoski et al., 1987; Bever, 1994) . Blocking the paranodal K+ channels in demyelinated axons with 4-AP can also lead to repetitive firing following a single impulse (Bowe et al., 1985; Baker et al., 1987) . Together, these experiments on dysmyelinated axons suggest that the level of axonal K+ currents critically influences proper action potential conduction.
We show here by quantitative in situ hybridization that levels of mKv1 .l and mKvl.2 mRNA increase in deep cerebellar nuclei of shi mutants. Furthermore, immunocytochemical studies reveal an increase and redistribution of mKv1 .l and mKvl.2 in shi axons. In shi mice, type II Na+ channel density has been demonstrated to be increased in axon tracts (Westenbroek et al., 1992) . Assuming that at least part of the increase in Na+ channel expression occurs in axons, the up-regulation of mKv1 .l and mKvl.2 in shi mice may provide a more favorable electrophysiological balance between Na+ and K+ currents, an adaptive mechanism for impulse conduction. In support of this hypothesis, the sites of elevated expression of K+ channels are found to coincide with the sites of Na+ channel increase in many large-caliber fiber tracts.
Elevated K+ Channel Expression in Glia Electrophysiological studies have shown that rapidly activating, sustained K'currents exist in matureglia, including oligodendrocytes and Schwann cells (Barres, 1991; Chiu, 1991) . The molecular identities of the K' channels expressed in Schwann cells have recently been investigated. Northern blot analysis of rat sciatic nerve has shown that transcripts for Kvl .l and Kvl.2 increase from Pl to P15 and then decline modestly (Chiu et al., 1994 tein is detected in the perinuclear, intracellular compartment, while mKvl.5 is present in Schwann cell membrane at the node of Ranvier and in bands that run along the outer surface of the myelin (Mi et al., 1995) . To our knowledge, the molecular identities of K+ channels in oligodendrocytes in vivo have not been reported. Our in situ hybridization and immunocytochemistrydata suggest that K+ channel expression is chronically upregulated in glia of shi mice, and that the RNA level of mKv1 .l is increased on a per cell basis. It is possible that in the absence of MBP shi glia retain a less differentiated state of channel expression, correlating with their failure to form uniformly compacted myelin (Rosenbluth, 1980b) . Alternatively, oligodendrocytes in shi mice may be replaced at a higher than normal rate, and mKv1 .l expression may be up-regulated to support glial cell proliferation (Chiu and Wilson, 1989; Wilson and Chiu, 1990) . Finally, K+ channels may be up-regulated in glia to support increased K+ transfer and buffering, secondary to increased In corpus callosum (arrows) and fornix-fimbria (arrowheads), a clear increase is seen for mKv1 .I ; a small change is seen for mKvl.2; no change is seen for mKv3.1. Coronal sections (g and h) were labeled with mKv1 .l and show the changes in corpus callosum (arrows). (i and j)Corpuscallosum under dark-field illumination.
Notice the bright, clustered silver grains. Arrowheads indicate the margin of the fiber tract. Bar, 100 pm (i and j). (k and I) Cellular mKv1 .l expression in the corpus callosum. Cells were binned according the number of silver grains in the corpus callosum of wild-type(k) and &i(l) mice. Data show averages from 9 sections in three animals of each genotype. Note the greater percentage of ceils that have higher expression in the shi mouse, as well as the change in the maximum number of silver grains per cell.
neuronal activity and K+ efflux in the adjacent axons (Barres, 1991; Chiu, 1991) . At present, we cannot distinguish among these or other possibilities. (e and f) In the young adult mouse (83 days), the paired punctate staining is more distinct in wild type, while a more diffuse pattern of staining is seen in shi axon fiber tracts. Bar, 5 urn.
Ion Channel Regulation in Fiber Tracts during Development
In early postnatal mouse spinal cord, scattered myelinensheathed axons are visible at P2 in ventral columns of cervical segments, become abundant by P5, and continue to increase in number and diameter through 2 months of age (Choi, 1986) . We observed paired, punctate juxtaparanodal K'channel profiles in both wild-type and shimutants from P8 through P14. This observation suggests that the signals required for initial localization of K+ channels are present in shi mice, which never develop normal compact myelin. These signals may include axonal membrane specializations that are present in both wild-type and shi mice (Wiley-Livigston and Ellisman, 1980; Rosenbluth, 1981; Rosenbluth, 1988) .Alternatively, neuron-gliacontact may play an important role in K' channel localization, as has been demonstrated for clustering of Na+ channels during remyelination in vivo (Dugandzija-Novakovic et al., 1995) . After P14, mKvl.1 and mKvl.2 protein staining increases and becomes more diffuse in shi fiber tracts. This failure to maintain K'channel localization in shi adults may be due to altered structural or trophic interactions between glia and neurons. Alternatively, increases in Na+ channel number and maturity observed during postnatal weeks 2-3 in normal rat brain development (Gordon et al., 1987; Scheinman et al., 1989 ) may cause electrical hyperactivity in hypomyelinated axons, inducing K+ channel expression. Reciprocally, demyelination studies in adults argue that relatively overabundant K+ channels may suppress electrogenesis (Bostock et al., 1981; Waxman and Wood, 1984; Targ and Kocsis, 1985) perhaps inducing Na+ channel up-regulation. Further studies are needed to determine the relative contributions of glia and intrinsic neuronal regulation of ion channels in response to dysmyelination.
In summary, changes in glial and neuronal K+ channel expression observed in shi and Tr mice may provide information relevant to diseases of dysmyelination. Identical point mutations are found in the PMP22 gene in human patients with the peripheral neuropathy, Charcot-MarieTooth type lA, and in one Tr allele, Tr' (Valentijn et al., 1992) . In addition, shi mutants provide a model for some of the effects of multfple sclerosis. Increases in Na+ channel expression occur in shi CNS fiber tracts (Noebels et al., 1991; Westenbroek et al., 1992) ; similar increases in Na' channel expression are observed in patients with multiple sclerosis at sites of lesion (Mall et al., 1991) . Although the molecular mechanisms that establish and maintain the juxtaparanodal localization of K' channels in myelinated axons are not known, changes in ion channel regulation similar to those observed in shi and Tr mutants may occur in human diseases where normal myelination is disrupted. were purified using an immunoaffinity-immunoabsorption procedure as described (Wang et al., 1993) . For peroxidase-based staining, frozen sections (35 pm) from three wild-type (C57BU6J-+/+) and three shi(C57BUGJ-shilshl) mice were cut on a sliding microtome. Free-floating sections were processed for immunocytochemistry using the indirect peroxidase anti-peroxidase technique (Sternberger, 1979 ) with slight modifications as described (Wang et al., 1994) . For fluorescence staining, three C3HeBc/t and three CBHeB-shii shi mice or three C57BL/6J-+I+ and three C57BU6J-Tr/+ mice were analyzed for each experiment; 20 nm cryostat sectlons were used. Fixation and immunocytochemistry were done according to Sternberger (1979) with modifications as described (Wang et al., 1993 (Agard et al., 1989) . Using our Nikon 60 x 1.4 NA objective, the minimum resolution measured is 0.117 nm in x and y axes, thezaxis being defined by the thicknessof theoptical secttons. At least three 20 pm thick histochemical sections from each of Trsciatic nerve, shi spinal cord, shi brain stem, and corresponding regions of control C3HeB mouse were serially sectioned using Deltavision optics at 0.2 pm.
RNase Protection
Assay Brains from g-week-old shi(C3HeB+hi/shi) and wild-type (C3HeB-+I+) mice were dissected prior to homogenization in guanidinium isothiocyanate and RNA isolation. Sequences specific to mKv1 .l, mKvl.2, and ribosomal 18s were protected from digestion by RNase A and Tl (Ausubel, 1992) . In each assay, RNA loading was monitored by diluting an aliquot of the sample to be assayed by 1O-4 and protecting a 340 bp fragment of 18s rRNA. This dilution has been shown previously m this laboratory (unpublished data) to be within the linear range of the assay. Gels were analyzed by Phosphorlmager (Molecular Dynamics), and the density of protected fragments was quantified at the Fred Hutchinson Cancer Research Center.
In Situ Hybridization Brains of three young adult (g-week-old) wild-type (C3HeB-+I+) and shi (CSHeB-shi/shr) mice were cut on a cryostat to 20 pm, mounted onto 3-aminopropyltriethoxysilane-treated slides, arr dried, processed. hybridized, and washed after hybridization as described (Wang et al 1994) . Slides were dipped in Kodak NTB-2 emulsion (diluted 1 .I rn 600 mM NH,OAC), storedat 4%for8days, developed, and counterstained wrth hematoxylin blue. The antisense cRNA probe (riboprobe) for mKv1 1 was transcribed with T7 RNA polymerase from a plasmid that contams 248 bp of mKv1 .l sequence corresponding to 40 bp of 5' untranslated region and 212 bp from the amino-terminal coding region. The antisense cRNA probe for mKvl.2 was transcribed with T3 RNA polymerase from a plasmid containing 615 bp of 3' untranslated region and 10 bp of the carboxyl terminus of mKvl.2. The antisense cRNA probe for mKv3.1 is transcribed with T3 RNA polymerase from a plasmid that contains 189 bp of the third exon. These probes correspond to sequences in the nonconserved region among the K' channels. Sense riboprobe controls for each riboprobe detected no signals (data not shown).
Image Analysis of Brain Sections after In Situ Hybridization IOD Reading from Autoradiogram For each analysis of IOD from corpus callosum, internal capsule, fornix-fimbria.
neocortex, hippocampus (CA3), and olfactory bulb (m!tral cell layer), three shi and three parental mice were analyzed. Brain sections from shiand wild-type mice were paired anatomically (Paxinos and Watson, 1986) . Slides from both genotypes were processed simultaneously.
Autoradiograms with moderate exposure were chosen for analysis using a MicroComputer Imaging Device (MCID, Imaging Research, Inc., Ontario, Canada). The IOD was calibrated using optical standards.
Images of brain sections from autoradiograms were collected using a 50 mm lens with a 36 mm extension tube. The IOD was determined in multiple small circular areas within several anatomically distinct brain regions. Values from the circular sample areas were then averaged to give a measure of channel expression in each region. These values were used to determine a mean ratio between shi and wild-type mice for each of the 9 pairs of matched sections. The ratios from 9 pairs of sections were averaged. Grain/Cdl Count K' channel expression was measured on a per cell basis in two brain regions: the corpus callosum and medial and lateral aspects of the deep cerebellar nuclei. Anatomically matched sections from brains of three shi and three wild-type mice were analyzed; 3 sections were analyzed in each mouse, giving a total of 9 sections per region per genotype.
Sections were analyzed under light-and dark-field microscopy. The number of grains per cell was estimated by MCID. Labeled cells were identified under light-field microscopy using a 40 x objective and outlined. Silver grains were counted over individual cells.
